Introduction
Inulin clearance is accepted as the most accurate method for the measurement of glomerular filtration rate in man.
In certain mammals the clearance of creatinine also measures glomerular fitration rate; in man, however, definite tubular secretion of creatinine occurs in addition to filtration.
Creatinine clearance in man has therefore usually been found to be higher than inulin clearance, both in health (Miller and Winkler, 1938; Brod and Sirota, 1948; Hare et al., 1949; Smith, 1951 ; Mattar et al., 1952) and in disease (Miller and Winkler, 1938; Brod and Sirota, 1948; Hare et al., 1949; Smith, 1951 ;  Mattar et al., Miller et al., 1952 ; Berlyne et al., 1964; Vere and Walduck, 1964 (1938) found that endogenous creatinine clearance was equal to inulin clearance in several normal subjects. In four patients with renal disease, however, the creatinine clearance was greater than inulin clearance (Miller and Winkler, 1938) . Brod and Sirota (1948) In direct contrast with the above studies, endogenous creatinine clearance was found to differ so significantly from inulin clearance in a series of nine patients with renal disease or congestive heart failure that it could not be considered a satisfactory measure of glomerular filtration rate (Miller et al., 1952) . Similarly, the ccreatinine/cinulin ratio in 14 patients with renal disease was found to be highly variable and unpredictable (Doering et al., 1953) . In six patients with renal disease the creatinine/inulin clearance ratios ranged between 0 97 and 2 37 (Berlyne et al., 1964) , and these workers concluded that the ratio was Materials and Methods Three hundred and eight simultaneous determinations of endogenous creatinine, inulin, and para-aminohippurate clearance were performed in 250 persons over the past six years. Of these, 31 underwent two or more follow-up studies. All studies were performed in the morning or early afternoon with the patient in the supine position. No attempt at fasting was made. Thirty minutes before the beginning of the procedure the subject was given 500 ml. of tap-water. Standard priming doses of inulin (30 mg./kg.) and para-aminohippurate (4 mg./ kg.) were given intravenously, followed by a constant intravenous infusion of inulin and para-aminohippurate in normal saline throughout the study. A 45-minute equilibration was allowed after the priming dose before starting urine collections.
Urine collections were made through an indwelling catheter.
Complete urine collections were assured by bladder washout with 50 ml. of sterile distilled water followed by 50 ml. of air.
Each study consisted of a minimum of three 20-minute clearance periods with blood drawn at the midpoint of each period. Inulin concentrations were determined by the method of Roe et al. (1949) and total creatinine (chromogen) was measured by the Bonsnes and Taussky (1945) (Shannon, 1935 ; Shannon and Ranges, 1941 ; Brod and Sirota, 1948 ; Smith, 1951) , and all investigators agree that endogenous creatinine clearance cannot be regarded as a precise measure of glomerular filtration rate. It remains controversial, however, whether creatinine clearance provides a sufficiently good estimate to allow the clinician to use this study in the evaluation of glomerular filtration rate. The problem has been made difficult by the variety of techniques employed for the analysis of urine and plasma creatinine.
Three methods of estimating creatinine are most widely used. The first is the Jaffe reaction, which measures both creatinine and non-creatinine chromogen (Bonsnes and Taussky, 1945) . With the second a " true creatinine " can be obtained by absorbing this chromogen on Fuller's earth (Lloyd's reagent) (Hare, 1950) or by enzymatic determinations (Miller and Dubos, 1937) . The third, a modification of the first technique, has been devised by utilizing the Technicon Auto-Analyzer (Technicon Instruments Corporation, 1963). Doolan et al. (1962) concluded that the variability of the value in patients with evidence of renal disease was no greater for chromogen creatinine than for true creatinine measurements, that the information provided by means of each method was in close agreement, and that either method is suitable for clinical purposes. A preference, however, was expressed for true creatinine measurements if the plasma values were low normal or less (Doolan et al., 1962) . Healy (1968) demonstrated that the true creatinine clearance bore a better relation to glomerular filtration rate than did manual chromogen creatinine clearance and Auto-Analyzer creatinine clearance. A comparison of three methods of creatinine clearance has indicated that in health and disease AutoAnalyzer chromogen creatinine clearance approached inulin clearance most closely, whereas true creatinine clearance showed the greater divergence (Rapoport and Husdan, 1968) .
We recommend chromogen creatinine clearance by either method because the determination of chromogen creatinine is much simpler than true creatinine determination and the accuracy of endogenous creatinine clearance with different methods is still controversial.
Our data show that with progressive decline of glomerular filtration rate the endogenous creatinine clearance tends to become proportionately higher than the corresponding inulin clearance. The creatinine/inulin clearance ratio therefore rises with the decline of inulin clearance. These results are in essen tial agreement with those obtained by Reubi (1963) , who compared endogenous creatinine clearance with the glomerular filtration rate measured by the clearance of thiosulphate. This implies that as inulin clearance declines creatinine clearance progressively overestimates the actual glomerular filtration rate.
Other investigators (Brod and Sirota, 1948; Hare et al., 1949; Smith, 1951 ; Doering et al., 1953 ; Doolan et d., 1962;  4 October 1969 Creatinine Clearance in Renal Disease-Kim et al. Tobias et al., 1962; Berlyne et al., 1964; Vere and Walduck, 1964) have reported that the differences between clearance of endogenous creatinine and clearance of inulin may be very small in some patients but in others may approach 50 to 100%. The data from our studies also emphasized this pronounced individual variability. Furthermore, we were unable to detect any individual predictability at different levels of renal function; and no pattern could be established for different groups of renal disease. In our study 42 % of patients with "definite but mild decrease in glomerular filtration rate " had creatinine clearance above 90 ml./min. and would have been defined as "normal" if the physician had relied on a single determination of creatinine, clearance. These findings emphasize the following essential clinical point: an endogenous creatinine clearance within normal range may often mask the presence of a significant depression of glomerular filtration rate. Reliance on a normal creatinine clearance at one point in time will be misleading in almost half of the patients with definite reduction in glomerular filtration rate.
The analysis of our follow-up study shows that if serial clearance studies are made over the course of time in a given patient the clinical validity of the endogenous creatinine clearance increases substantially. In the 31 patients in whom serial determinations were performed during the course of their disease an excellent correlation was found between the rate of decline or increase in inulin and creatinine clearance.
Several investigators have sought appropriate mathematical transformations of the data which would result in a linear relationship between the two variable's (plasma creatinine and endogenous creatinine clearance) in order that the value of the clearance could be predicted from serum creatinine concentration. Effers0e (1957) (Edwards and Whyte, 1959) . A determination of plasma concentration, however, is of limited value in predicting the level of endogenous creatinine clearance, and renal function is more precisely evaluated by relating excretion per unit of time to plasma concentration (Doolan et al., 1962) . Furthermore, progressive deterioration of the creatinine clearance was noted in 21 patients with chronic renal disease before death (Tobias et al., 1962) . The serum creatinine concentration, however, actually showed improvement during the last six months of life in seven of these patients, possibly in part as a result of relative starvation and decreased muscle mass.
Our studies confirmed that serial determinations of endogenous creatinine clearance often provided information which was not apparent from changes in serum creatinine concentration alone. Serum creatinine concentration is determined by the volume of creatinine distribution, the rate of production (related to muscle mass), and the rate of excretion (primarily glomerular filtration). In patients with muscular atrophy serum creatinine values are proportionally less for a given level of glomerular filtration rate, while in patients with severe oliguria serum creatinine concentration becomes primarily a function of production and volume of distribution. As Doolan and his colleagues pointed out, glomerular filtration rate is more precisely evaluated by relating excretion per unit of time to plasma concentration (clearance) than by plasma concentration alone.
We propose, therefore, that a normal endogenous creatinine clearance should never be construed as definite evidence of a normal glomerular filtration rate. The significant economic, clinical, and technical advantages of the endogenous creatinine clearance make it useful in following the direction of change of glomerular filtration rate during the course of renal disease. Our data indicate that serial determinations of endogenous creatinine clearance are superior to serial determinations of serum creatinine alone in following changing glomerular filtration rates.
